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Abstract of JP2003078140 
PROBLEM TO BE SOLVED: To form an SiGe 
layer capable of obtaining a sufficient distortion 
effect with a small penetrating dislocation 
density on an SOI substrate. SOLUTION: A 
method for manufacturing a semiconductor 
substrate having the SiGe layer on an Si 
substrate 10 via an insulating layer 11 
comprises a first SiGe layer forming step of 
forming a first SiGe layer 16 on an Si layer 12 
of the SOI substrate 13 having the Si layer 12 
on the substrate 10 via the insulating layer, 
and an alloying step of heat treating after the 
previous step to allow the layer 12 and the 
layer 16 to form a second SiGe layer 17 in 
such a manner that before the first SiGe layer 
16 forming step, grooves are formed on the 
surface of the layer 12. 
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(54) ^?l*5«^Iit*Mr/l#aM h 7 : 

(57) mm 

>^;*#K:i3v*T\ s o i StS±tcRiitefi:3B«^ft 

s iiSio _kK*&«ul i l^lts 
iGe»*«*fc*WI4K*|R©«JB*ft"CfcoT, B9IB 
SiSSl OlUMEIttMSr^LTS ill 2Sri»x. 
.fcSO I Sffi 1 3 (DflufS Sifl2 ±tC^ 1 CO S i G e 
Si 6SrJgri£-r33ll<OS i GeWlS^ ^Ig 
•SJ-Hft&aSrJfiLTHulBS i « 1 2 £ itufEg? 1 OS i G 
eil6 LTgl 2 COS iGeil 7 i:^*^ 

&fblSi: SvfiFU SufS^lOS iGefl 6Mlg 
huIBS i|l 2©*iBK*£««UT*5<. 
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[is** i ] si mm±izt&mm&fr its icei 
fitiies i stg-h«cBuiE*6^@ Stilts \ m*ffi*-tz.s 

O I S«cos ii±i:»l©S i GelSrMt^l 
OS i GelMlSt, 

Gef^: IT^ 2 (O S i Gel t 

huIB^ l^S i G e JUK/SXSmff^ BUffi S i l^B 10 

Stv' !J 3 viMbKSrl**-*- 3 IS J: £#1" 5 r t «:4#«. 

[is*«3] . 1x1*2 icmm.<o¥m&mm(Dm 
m^m^ts^x. 20 

HMteso I gffi<OS i Jf*B«:, { 0 0 1 i 

If* 9 s 

Bflism^, -^©fflijffi^ {ill} Bir&fcJ&rSV^lc 
[ft** 5] »*«4^iB*<D^*l*S4E^«ie*jS 30 

[ft** 6 ] i 5 ^v^m^i-ia*^** 

[19**7] f9*JSi^b6<^v^-rix^E*<z>*3> 

mmmi<Ds i Ge§^HW< it-scGeas 

[ft** 8 ] fjf** l *>6> 7 ©V^f *LJMCB«G>*» 
miie^ 2 CO S i G e H JhttliKttXttfib£> SiGei^ 

[IS** 9] S iGel±l»^^>t/^SSft' 
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flf ** 8 lcffi#<o¥WffcS«o*Hfi*85i;: J: 9 f^K £ tb 
[19**1 0] Si SiilCffegf^ltS i G e 
[fit** 111 Si K«±tc S i G e S3r^ 
[if** 12] S i G e m -LlC^n * V-f/MjE** 

[0 00 1] 

r*W^JRi-SSE«»«Fl *36WI*. HIMOSFET 
[0 0 0 2] 

iE*P, s i >>y =>o a«±fcs i g 

SFET, MODFET, HEMT^S^^tlTI/^, 
:^MS i -F ETT'lt S i (Ctf^TJS^jtf&tf);*: 
#l^S iGe^i^S i JBlil5lo« 9 
fctf>S i co^^ KWit^aEftUTJBii^lWJtT*^ L> T 
»»«*5BS5 0 Lfc^ot, r<Ol^.S ifSrft* 
t Ltffli^ r t i:«t 9 l«w 1 . 3 — 8 \%W^ 

TC Zfe{dj:^ii^cos i S^^rSS^ LT^t^, 
S£3fcCQCMO S iSt'iSiSCMO S &H^."5lBg{C-r 5 t 

[0 0 0 3] FET^^*tl 

{dii. S ilffiilCgf^S iGel^xt^^v/t^ 
tifcfti-SiMSjftSfcSri^ SiirSiGe i^SS© 

[0 0 0 4] m^i-£. S i G e (DG e — 7£(Om 

^««-C«fl:Stfc/<ix77i.S:ffiV^*i£, Ge (y 

fc/<y77i«rffl^5*fe GeiafifcJtSrffift^ttJcas 
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7 Tm*m\t^^mmfcmM&frx^z> oj.s. Patent 

5,442,205, U.S. Patents, 221,413. PCT W098/00857. 4$ 
B¥6-252046*^««0 - 

[0 0 0 5] tt»«-e*>s*«>ii**<kiR (bo 

Xi^lftl5) co±lC S i iiMSfifffig (SOIi^ 
fitt£) SrTK/jfcbfcS O I (Silicon On Insulator) g;& 

5 0 rcoso I glKfi. i«^f^^«it^5S 

[0006] is^ v :oso i Xfi±fciK»fca s iTfB* 

V*5. 0»Jx.tf* S'OIiK±^SOIii:SiGeIt 
^ftLTBOXliCS i G elSrML, B£S i 

(3 — a s//-«1*»fflK^BI|## : EP0651439A2) o r.C0& 20 

U6co (a) fc^-TJ: 5 fc, s iS«i±l:«l 

Jtfe6BOXl2^LtS i BXfcS 1 0 n mg| 
OSOII3S:MU EI 6 CO (b) ^tiMC £ 
£>(-^SO I «3±(CG efflj&ifcO. 3 0Tll|2 O n 
mCO^l COS i G el4MHL, ^CO^. HI 6 CO 

(c) (C^-r<t5t-, Ml^ffiLTSOIi3^il 
COS i G eM 4 £ £@*g£i±-XBOXJf 2 JbfCG eifflj& 
JfcO. 2 0XflgJ¥3 0 nmOf 2(7)S i G e Jl 5 &Mf& 
U f^2 COS i G e JB 5 Jitd^^S i i6^Mt§ 
^C0X£>5 o Ctf>4£flfXtt\ $2(OS.iGel5^lT 30 
Mteffi@i^®*#5fcift^ftG eMMO ; 3 0^r 
ift<a>0»J?aS2 0nm«l/^l<OS i Gel4*f 

[0 0 0 7] 

JSttatJ; 9SOIJI£|j?lc0S iG el^li 
SttBOXl±lcl2©S i GefS:Mt5l8lC 
*5^X. »20S iGe|flC#<^fi«l^J84L8W 
jWg{tLXL*3 0 £fc, rtf>K«tf>Jgffcli. fglcOS 40 
i Gel©GeS«lt«^^|i^Sf t'fc^ti?), G 
eiffl/£ifcOS5V^2cos i GelSr^rir^SU^ 

£*>m. fKrease^Sflsii. micos iGeifcsvsi 

SO I SOlKJ?^lpV^iifS*-eS>5fcft. ^2 COS i 
G e «<OHWO*5ffltfS»5£S *tX L* p t ^ p 

[0 0 0 8] *«5Wte, m&<7>®LMlz&&Xtj:i$tifrh 
<DX\ SO I Sffi±lceffi«S^>«< ^oi 9£^(5 
ffi-CG e a^it-^KffSrSJ^^lBg^ S i G e HSr^t* Z> . 
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[0 0 0 9] 

B51BS i S«_bJCHiffiBi(6ltJi Sr^bTS i/fSrfll*LfcS 

0 IS^COS i JUitCfglcoS i GelSrMt^l 
COS iGeiMl8^> SEXS^^!Rlft3f3aS:lfibXH9 
IBS i JS i HufB^ 1 O S i GeI<l:^MLt$2(Z) 
S i G eltt^^fbll^^llU SufSfg 1 COS i 
GeiMlSffll-, flute S iBo*ffi^j»Sr®riEUX 

S iSSK^lI^LTS i GeIS:8ifc*»# 

[0 0 10] rttfe^^»flcS«0»iS*jfeR^ait{*: 
SffiXJi. S i GeJiJgriEXSSStc. mj|5S ijfco^ffi 
KJ***J*LT*5<*>"1\ *tfcS i SJbdlg 

1C0S i Gei^R^ll, ^1C0S i Gef^L 

fcteffi^sfRteai^^iiiKi uxsHcsia-rs t > smrssx* 

ftttX«»i"S*:ft. H»»©*2©SiGeit©|B 

*Mfi5chbX/¥^Mi¥C0^1C0S iGeB^SO'litt, 
<Effi«S^iSv^K**2 0S iGelSr#5li#t 

[0 0 11] 

mfte^2C0S i G el^E^Mftltv/y 

ffiG>§Bfefr8rCW\ ^2 cos iGei^XBSrMSfbU 
X^>y =3 VlfcftBtSrJBriEfS^-C, |g2C0S i G e®<£ 
COS i tf^>y ^^ftSlirfr <9fg2COS i Gei^g 
^^tt^ir*(CG e«^il< 4§Gefig^)iift 

[0 0 12] ifc, *«WO^«fls:S«coKig*ffi*i:, 

mjf£so i s^cos i m^tmtK jsa^Bo (ood 

IT'fe9, llttBifcS:* -t^Wffids (111) IBi:fc5*r 
iV^ftCMt^ ^ t bv\ % ^co^ 

m&mm<DM&Jj&xte. s o i s«co s i g^®^ 

^^®co {0 0 1} BXS>f9, St Sr. ^coffl®^ (1 

1 1} ffii*S»fffiv:¥:tt«c»*-rsrfc^J:9. {0 

o i } ek*i-u {111} m*f8.m&m&m^iz#>. 

m 1 CO S i G e JgfifcR&l-flM* S i G e JBXffi* 6 r t 
Sr»SJi-«r t36S-C#5. ^^c, SiGeili {11 
1} S±X^^-X/^3ifc: a ^^>^^/UR)cft$:-r^fcft. 
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[0 0 13] *55W©*a»flca««>«JS*«6tt. 

cos i GeJirt-e«^Lfc1Efi:Sr^6<u-SI{Bas-e?NSc 

[0 0 14] #»W©¥*ttS««>»a;frttWU 

4 x\z®m&m-tz>tzttxz>w k> rsMft^mfc-rz io 

T*(i. fg£r, ^««Sr*i-5**«c5 1 y^ , Sr^s' 
[0 0 15] *»W«5**ft:a««)«JS*ffitt, 

i&ztix^z><Dx\ mnm(OT ! ^ ^m^m^ti. 7 s 20 

[0 0 16] *fc, ^iro^fflEwMI^fttt, 
mUE^ElWS i Gelffl5VM< 1 fc — SBICG e 

j£T?tt» Sl©Si Gei»j*>W< <t t> — SBICG e 

X.-5it40»C. SlCS i GeJi^COlSIC^BftljT-'lte&CO 
WS i G e^(c:*3(,^r t>|5f5:^s i G eil;Sofc*|i) 

[0 0 17] *»wro**«:»«ro«jt*ifett» -hfB* 

^f^COif^frStSW^ 2 CO S i G e@±KB:gsXlift&<0 
S i Gef^LTS^S i m is* 

[0018] ztib<o¥m#mm<om&jjfeRV¥mft 

SSET'li, ^2 COS i G eJUilCjgJgXttftilCOS i Ge 
t\ tfiJxCf^S ii&ft^tttSMOSFE 

[0019] *4S9]<0ttff3b%£f h 9 ^co^it*- 

i ®tC^-t^yl^^5^$tv5m^^:S h7>-^ 50 
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G eJf±(C^e ?^^/t-J&:ft£*Wc:2I^S i Std^-V 
[0 0 2 0] wttP>cott^^a h^v^^^co^* 

3M«£««>ai*s im\c^^*/i^m.*mi&i-z><ox\ 

[00 2 1] 

Ill 1 *>bl5 &&mistefchWlW-i-Z><, 

[0022] in i Ri/M2(t., &mw<?>m&s i rnzrn 

miZTji-thcoX'foV . ~ co^^-7^— ^-WcotHitSr^ 
W«iS7'B-fe^i:-&*3*TttW-rst. *i\ (2 1 CO 

(a) tc*-r«fc?{c, s iifiioli:i68ff 
te\ SiO,) fii)5BOXil l^ttgltW; 
.HMSiUS i Sco SO I S 1 2Sr^-r5SO I S« 1 3$: 
fML, iOSOlSfil 3CSOIH 2(Dail;»t 
ffiV^ttJCO/g 1 2 a SrJ£j£i-3. 

[0023] jtte s o i mm 1 3 <Dmmxm*. ±.mm 
tfz&nt>tiz>h<nx'ibtir£, t°<D§&mjjm\zj:z>h<Dx 
i>mt>&\ mx.t£. so 1 mmo>vm&mt lt^s 

6tl^<bcotc. i/^^^SSIi^tHiraWiS IMOX 
(Separation by IMplanted 0Xygen)ffil^ <fc StJflfi: 

•So S«B£9^:b*eafte, 2^coS«co>T^X(i^ 
tc^iftlgS:^ LT*5# , mum&Mlc 2 &cogJg£&5 
9-g-fci*r5t<D-C, 2#cog«£«g«ift 
{d^-^^-frTI^MS-rsr i^sjc'j; 9fT</\ SOU 

T^^tt^o — S I MOXj£(Cj;SSWtt. S i 

t-it). mm&i&&m£-£&tix^zmi$z&m{tmz.& 

&-r-5t>COT\ BOXI1CS isi^noi w 

[0 0 2 4] £7t, S^SAtJ^-^-yrtJWi: Lt, 

jSfe^B8»*Jxr*5 9» rcoSJRli. -ftcoSiStgcOp 
*>mkm*Mf& Ufc-^-coJiHTJ^TKig-Y j|-v$raA U 
fc^. -f ^->-aAffi^^k;l^5r^LTfdi7ircoS®t«^ 

*H8Ji ^/h^®$:§?l^ani: LT-*coS 
UfeSO I SSti-StCOT'fe-S m*-t£. U.S. Patent 
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5,882,987) 0 

ioo25] jfc, >-y =*^m&mmzgriiws i m& 

t;s i ^fai^r^LTS i Ozi^rMt, rcov-y 
3 vS^^rS i 0,Jf SrSta'&fcHSrffi* Lt^SSlc 

^JE7K^T*li^^^>i^J[E7KSE^gSiS(T. Yoneyama, US Pat 
ent, 5371037, US filed:August 9. 1991, US patent Decern 
ber 6. l994)\C£Z>&ffit£k*fr%\htLXh^ 0 
[0 0 2 6] _bl2^ 12alt MS £ o SO 

iJll 2^SI(cv^^§tv^-^y^Lt$E?:x 10 
^f>m:Kiat^o ±gsoiii 2 
^©$iw B iB(o {001} ffit?&9. ±te« 

12a^ *<D«IB^ (111) BtiSiiV^II 

®/&i-5 0 ft*>\ :»x^y^ filitfKOH 

*C7 5MOSMx^fy^fe6o 

[0 0 2 7] »12alt S*t" 

Sx'W 12b CSfgL, 1 2 b *■ 

ttS***^ vttf-vtt'i X*c9JWr»«i- 5 #> 
cot^ttas^ (lW^^7^^ytfcot, ID 20 

^co^^J^^i' v-v^V— OJHH^t^ J: «9*^^n 
£> 0 12b coiHtco^Tte:. fy^t>fX 

3 0 ?#1 2 a riS, SOI112 ^ULtBOX 

II 1 tCi£LT^Tfc«*>&W\ 

[0 0 2 8] tfcKl. ?Hl 2 a^M^tltSO Ifl2 
_ht-. @lcO (b) J: Geffl/&J£0. 30 

-CS i GeO-SiBSiT*fc5S 1^)S iGe!l6$: 30 
. «BECVD&|CJ; <9xt^^^t/^*t5o ft*3, ± 
i5«EECVD-jfejci-5*IRtt, ^tyr^^LTH, 

[0 0 2 9] ftM. JblEfifcRft^'?*-^*:. jR*0f»F 
JdioV^-C^&a «LT, [Hi CO (c) 

( d ) C/Tti: 9 fc. SOIil2^1l^)S iGei 
1 6 <!: £@® ^-ttT^&fc L> S20S i Geil 7 b 
t6o wCO|S> 8f 1 2 a fcj&fiSL&tltc SO 111 2 JbtC 
^ 1 COS i G eJl 1 .6 ^fifcflf £ ttTl ^5cOt\ IE! 1 CO 40 

( c ) 4 iC^-fX il^S i Geil 6IC 

^LfcefiDL^^3g^cf^aii!i(c:J:t>fti 2 a (c 

SBtl-**. ^11 2 a«ffi-etfettT»«i"5fc«>, @i£ 
^cOfl 2 co S iGeil 7 5 ^ <b 

#J;tt;£ 1 0 0 O'C&tf 3 0 m i nX'fo& 0 
[0 0 3 0] ft*S, _tf5^ KOSiGeil6 CO^ 

1 2 a«ca*r5t*jcj|f«ffi-eaitTW«brv^s 0 50 
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[0 0 3 1] SOIil2^ ^a^^ffico { 0 0 

1 } ®-C£>9. mi 2 a ^COffiJB^ {111} mt 

45ttiv$tt-eib50T\ (001} s^l, {1 

1 1 } Bte/£^5£Kri*igW;:#>, Il^SiGeil6 
mCSl 2 a*S i GeIt«5Ci?rWlt6 
Z.kfcXZZ> 0 *fc. il^)S iGefl6lt {11 
1} ®JiT*^A— X4xt^^rV^/^SSrt5feS!), 

^e^(os^«36 s ^i^ftv\ ^bic, v^comti. 

[00 3 2] rcO^. 3? 2 (OS iGeil 7 Ji 

ICS i ^xt^^v/ t ;^f LTl^S i H.1 8 SrJgfiJc 
LT. ^»flc»>^-^WSrf^«i-5 0 ftib\ ^^cofl^J? 
J*. #Jx.li. l2(^)SiGell7^0. 1 ^ mT'ifo 
9, ^^S ifl8^20 nmT^^o 

[0033] -cox o \^mmmmx^ m 1 2 a ^ 

S^tl^SO I JB 1 2±.\Z.m 1 COS i G e® 1 6 Sr/dtJK 

-r^>co-r\ ^fiD L^Hft^^B#co^iSS3(c:i: 1 2 a 
KSI*T5£*lC«l 2 alBT*Kltt?ISL, £fc^ 
/^^^MtSIT^^7^ hefl££ ft 
@^C0^2COS iGeil 7*(7)eaM^ig«t5 
r £^T-# £ Q */c. St 1 2 a Sr. 2 b 

#>cogj 9 tt«5HcK«1-*Lff , 12b lc3£ 

*«<*12at»*t5ri:m, f^^^ 

[0 0 3 4] ^^COiilSM^S i Jl£«;tfc^ 

^^x-Aw^fflv^lUMSh^y^^ (mo 

SFET) Sr. ^co®f^ni^^i:^^i±--Cig5S:#flB 

[0035] m 5 fi, *^^com^mM h 9 ^ 

^ft:r>ni— y^w^BcoM^S i m 1 8-±l:S i Oz CO 

[0 0 3 6] ^(c, hKfkBti 9 4>^-^>->/l 

SffiSr-^^^^fflt^fc^fTl-^aAf-J: t). ^^-S i JB 1 
8 RZfm2 COS iGe^l 7lCnSfc5^lipSoy- 

s rxs k u-r d £ g aSE^««cjg^i-s. 

^S i 1 1 8^^-^^/^®^^:ft^ng}*>5v^^ipSM 
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OSFET/J^g^n^o 
[0 0 3 7] C<7>cfc jlCitm^fLfcMOS FETTU 

»fcftSfc#lcft«fcS*S ill 8fc«fc9»fmteK 
ffiJxfcMO S F E T 9 T*t#£ r. £ /^T^ 5 e 

[0 0 3 8] fcjs. *3BWcoft«ttffltt±EH*«)JBffi 

[0 0 3 9] 0j|;LJ£. Jiie3IJ6?gffiT-«, Jiy^-^-Zlc: 10 

ztctbic^ mi (os i g em<p<D¥fizmmmx&GL(Dm 

S iGeim^ttWS i G eiCfio/c^l^ 

£5o 20 
[0 0 4 0] ifc. ±15HJfi^ffi^fi. !2(7)SiGe 

«*}Rfea^<tOH»SixT^S^fc»lc:M*s if 
SrJBritLfca*. |2©S iGeIMS(C^2 0S i 

Geiii^itfttti/y £<b 

-g\ |g2<DS i G el^)II«ftLti/y ^>mt 
m&Bf$.-tZ><DX\ $2(DSi GelfOS i = 
V»fb«-fc*0»2cDS i G eS^»BKt$ix5"t#IC 
G e fflfifcit^iS < * 9 G e »«<a»ffifkJ& s fTfrix5o 30 
[0 0 4 1 ] jbiBiaes^ffiO^fr^^— /nWO 

^fc*369!fc**Jh,5. **L, l2(OS iGeI±(C 

blZ.m<OS i G eJf &S i Gel^lti 

*S i I^xt^^v't/^f LTt«^t\ 
[0 0 4 2] 

tf. so ist^s iigai^Mi, t^ici 40 

1 C9 S i G eiSrMfS^f, 6^ lOSiGe UK: 

"Ctt»tT»«i-Sfc«), i««©S2©S i Gei^ 

S*3»*S:?#5fc«)(c^S5*iS^^G effl^ltTfft^KiS: 
^lCOSiGef^SOim, CffittftjWiS^ft 
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[0 0 4 3] *fc % **W(^^8W*ai6<oKiS*j5feXt/ 
^Ol&StfclCjztUi. $2(^)S iGeI±lce»X*±ffi 
OS i Gel^Ltl^S i S^jLf ^^fv/^/UfigS 
£*L5CD"C\ 0fl;iff3!^S i IS:f t*/^«tt5M 

0 S F E T*Srffil^«aiElKffl<D^a«*:S«S:»5 - 

t&xzz> 0 

[0 0 4 4] 4fc, *^^)i#MSF7y^^(7) 

fiSct^^T% fi«ft^*S if tci; 0iS«Ftt*MOSF 
[H 1 ] *»WK:«S— 3Klfc»f*K:*5«- 

[B2] w \z& ^-mmmm^n z> 

[0 3] HJfiJBffitteitsso i SIS 

[04] H*»ffi*c*5lt5GffiSrKW 
[15] 2MS9JKlfl*5 — ^iS^ffifCiott^MOS FE 

[W^<£>I&9!] 

1 s i g}£ 

2 BOX! 

3 SOI® 

4 il^SiGel 

5 S2^)SiGe| 
10 Si 

1 1 BOX! (f&ISJB) 
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